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application de 1 'invention, des parametres de procedes

sont d£riv£s d'un rendement de compnwint sanguin

predetermine et configure d'inclusion se fondant sur la

maximisation d'au moins un parametre de precede.

Apres eela, on suit la procedure de prelevement des

composants sanguins selon les parametres de regulation

de procecies derives. Selon une autre application, des

parametres de precedes sont derives d'un temps de

procedure total d'inclusion a partlt d'une valeur

maximize pour au moins un des autres parametres de

regulation de precedes, atin de maximiser le rendement

des composants sanguins durant cette periode fixe. La
procedure de prelevement de composants sanguins

s'execute en fonction de ces parametres derives.

(57) A blood component collection system with

optimization capabilities. In one embodiment, process

parameters are derived from an input/configured

predetermined blood component yield and which is

based upon the maximization of at least one process

parameter. Thereafter, the blood component collection

procedure is performed with these derived process

control parameters. In another embodiment, process

parameters are derived from an input total procedure

time from a maximized value for at least one of the other

process control parameters so as to maximize blood

component yield in this fixed time. Thereafter, the blood

component collection procedure is performed with these

derived parameters.
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ABSTRACT

A blood component collection system with optimization

capabilities. In one embodiment, process parameters are

derived from an input/configured predetermined blood

component yield and which is based upon the maximization of

at least one process parameter. Thereafter, the blood

component collection procedure is performed with these

derived process control parameters. In another embodiment,

process parameters are derived from an input total

procedure time from a maximized value for at least one of

the other process control parameters so as to maximize

blood component yield in this fixed time. Thereafter, the

blood component collection procedure is performed with

these derived parameters.
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BLOOD COMPONENT COLLECTION SYSTEM

WITH OPTIMIZER

The present invention generally relates to the

field of blood component collection systems and, more

particularly, to providing management capabilities by

incorporating optimization principles into such systems.

RflfTkm-ound of the invention

The utilization of blood taken from donors and

infused into recipients is well known for purposes of

treating medical emergencies and other conditions. More

recently, selected blood components have been separated and

collected from blood for subsequent infusion into

recipients requiring blood component therapy. The primary

blood components include platelets, red blood cells, white

blood cells, and plasma.
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In order to collect blood components, blood is removed

from a donor by a needle assembly or other blood access

device and is thereafter processed utilizing centrifugation

or other appropriate separation techniques to isolate and

collect the desired components. This procedure is carried

out most effectively in an on-line process wherein blood is

removed from a donor, processed through a disposable

extracorporeal circuit to obtain the desired components

,

and thereafter returned to the donor. One blood component

collection system which provides for this type of blood

component collection procedure is the COBE Spectra™ which

i«t commercially available from the assignee of the present

application.

The yield of a particular collection of blood

components is an important factor. For instance, presently

in the united states a yield must be associated with a

collection of blood components in order to be a useful

blood component product. COBE Spectra™ presently

accommodates for this requirement by processing certain

donor biological data such as height, weight, sex, and

hematocrit, preconfigured/operator-input data such as the

total procedure tine, and system-related data such as the

type of collection procedure (e.g., single or double

needle) and collection efficiency to generate certain

process parameters such as the inlet flow to COBE Spectra™

(a combined flow of whole blood from the donor plus

typically a flow of anticoagulant) and a predicted blood

component yield as well.



.2133913

An additional consideration presently in the United

States relating to blood component yield is that it is

determinative of the product classification. With regard

to platelets, presently a single platelet product is

considered to be a collection of 3 x 10u platelets and a

double platelet product is considered to be a collection of

6 x 10u platelets. If the collection is between 3 x 10' 1

and 6 x 10n platelets it is still considered to be a single

platelet product. This classification as a single or

double platelet product is relevant to blood component

collection facilities (e.g., blood banks/centers) since a

double platelet product has a higher selling price

associated therewith than a single platelet product and

also typically benefits more patients. The yield of a

particular collection of blood components nay also be a

relevant consideration for certain therapeutic treatments.

Other important considerations relating to blood

component collection systems relate to the donor. For

instance, blood component collection facilities are not

only experiencing an increase in the overall demand for

blood components, but the demand now typically varies

between the blood component types as well. Moreover, not

only is the supply of donors unfortunately in many cases

inadequate, but donor time constraints are becoming more

prevalent. Furthermore, obtainable yields from a given

donor may vary from one blood component to another (i.e.,

one donor may be a better platelet source than a red blood

cell source)

.
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Based upon the foregoing, the management of the

various aspects of blood component collection systems is

becoming increasingly important.

Summary of the Invention

The present invention relates in one application to a

blood component collection system which provides management

capabilities by incorporating optimization principles.

Generally and in this case, the present invention utilizes

principles of optimization in terms of the donor, blood

component collection system, and/or desired blood component

product. For instance, the present invention may be

adapted to provide for the collection of a predetermined

quantity of at least one predetermined blood component (or

more typically the collection of such blood components

within a particular range) in a 'minimum 11 amount of time

and/or for the collection of a "maximum" quantity of at

least one predetermined blood component in a fixed amount

of time, all based upon certain process conditions.

Moreover, the present invention may be adapted to provide

for blood component inventory control by basing donor

selection and/or collection procedure selection in terms of

the type of blood component to be collected on blood

component demand and/or existing inventory. In addition,

the present invention may be adapted to provide for further

donor management by collecting that blood component type(s)

from the donor which provides a maximum yield.
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According to one aspect of the present invention,

there is provided a method for collecting at least one

predetermined type of blood component from a source of

whole blood using a blood component collection system

comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

10 Identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

20 performing said collection procedure on said blood

component collection device using said inputting step to

collect sold desired yield of said at least one

predetermined blood component from said source of whole

blood;

one of said parameters being an inlet flow to said

blood collection device and another of said parameters

being a flow of anticoagulant into said blood component

collection system, said inlet flow comprising a flow of

whole blood from said source and said flow of

30 anticoagulant, said source of said blood having a volume,

at least part of said flow of anticoagulant being provided

to said source, and AC ratio being a ratio of said inlet

flow to said flow of anticoagulant, an AC infusion rate

being said at least part of said flow of anticoagulant per

said volume;

said performing a first deriving step further

comprising deriving said magnitude of said inlet flow

5
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associated with a predetermined magnitude of said AC

infusion rate;

said deriving said magnitude of said inlet flow

step comprising using said predetermined magnitude of said

AC infusion rate and a current magnitude for a total

procedure time, said total procedure time being another of

said parameters.

According to another aspect of the present

invention, there is also provided a method for collecting

10 at least one predetermined type of blood component from a

source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

20 said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

30 predetermined blood component from said source of whole

blood;

one of said parameters being an inlet flow to saia

blood collection device and another of said parameters

being a flow of anticoagulant into said blood component

collection system, said inlet flow comprising a flow of

whole blood from said source and said flow of

anticoagulant, said source of said blood having a volume,

5a
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at least part of said flow of anticoagulant being provided

to said source, an AC ratio being a ratio of said inlet

flow to said flow of anticoagulant, an AC infusion rate

being said at least part of said flow of anticoagulant per

said volume;

said associating step comprising selecting a maximum

magnitude for said AC infusion rate, said associating step

further comprising generating a calculated magnitude of

said inlet flow using at least said maximum magnitude of

said AC infusion rate.

According to another aspect of the present

invention, there is also provided a method for collecting

at least one predetermined type of blood component from a

source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

one of said parameters being an inlet flow to said

blood collection device and another of said parameters

being a flow of anticoagulant into said blood component
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collection system, said inlet flow comprising a flow of

whole blood from said source and said flow of

anticoagulant, said source of said blood having a volume,

at least part of said flow of anticoagulant being provided

to said source, an AC ratio being a ratio of said inlet

flow to said flow of anticoagulant, an AC infusion rate

being said at least part of said flow of anticoagulant per

said volume;

said at least one of said parameters being a total

10 procedure rime, said performing a first deriving step

comprising maximizing said inlet flow and minimizing said

total procedure time.

According to another aspect of the present

invention, there is also provided a method for collecting

at least one predetermined type of blood component from a

source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

20 comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

30 said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

providing a magnitude for each of said parameters

5C
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before said identifying step;

performing said collection procedure on said blood

component collection device before said identifying step,

using said providing a magnitude step, and for a first time

period, vherein said associating step is performed after

expiration of said first time period.

According to another aspect of the present

invention, there is also provided a method for collecting

at least one predetermined type of blood component from a

10 source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source

;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

20 deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps ;
t

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

30 blood;

one of said parameters being a total procedure time,

said performing a first deriving step comprising minimizing

said magnitude of said total procedure time based upon said

magnitude of at least one of said parameters other than

said total procedure time.

According to another aspect of the present

invention, there is also provided a method for collecting

5d
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at least one predetermined type of blood component from a

source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

10 associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

Inputting said magnitude of each said parameter Into

said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

20 collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

said * associating step comprising optimizing said

magnitude of at least one of said parameters.

According to the present invention, there is also

provided a method for collecting a blood component from a

source of whole blood using a blood component collection

system comprising a blood component collection device and

collection procedure, wherein an inlet flow to said blood

30 component collection system comprises a flow of whole blood

from said source and a flow of anticoagulant, said method

comprising the steps of:

identifying a total procedure time for said collection

procedure

;

deriving a first inlet flow to said collection system

which provides a maximum yield of said blood components;

deriving a second inlet flow to said collection

5e
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system using at least said identifying a total procedure time

step;

- identifying a smallest magnitude of said first and

second inlet flows as an actual inlet flow to said blood

component collection system; and

- performing said collection procedure with said

blood component collection device, using said actual inlet

flow, and for said total procedure time to collect said blood

components from said source of whole blood.

10 According to the present invention there is also

provided a method for collecting a blood component from a

donor using a blood component collection system comprising a

blood component collection device and a collection procedure,

said collection procedure comprising a plurality of

parameters, said method comprising the steps of:

- providing biological data relating to said donor;

- associating a magnitude with each said control

parameter based upon at least said providing step;

- optimizing said magnitude of at least one of said

20 control parameters in relation to both donor constraints and

system constraints, said optimizing step allowing for

achieving at least one of first and second conditions, said

first condition being collecting a predetermined quantity of

said blood components in a minimum amount of time and said

second condition being collecting a maximum quantity of said

blood components in a predetermined amount of time;

- inputting said magnitudes of said parameters into

said blood component collection device after said optimizing

step; and

30 - performing said collection procedure on said blood

component collection device using said parameters to collect

said blood components from said donor to achieve at least one

of said first and second conditions.

According to the present invention there is also

provided a blood component collection control and information

6
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communication system used in conjunction with a blood

component collection device in a procedure perforaed on a

donor to separate, remove and collect components from blood

received from the donor, comprising:

an information communication medium;

a first station interactive with the communication

medium to transmit and receive information on the medium

describing biological data of the donor, describing process

parameters for controlling the collection device during the

procedure performed on the donor, describing physical and

medical characteristics of the donor observed during

performance of a prior procedure on the donor,
t

and

describing the yield of at least one component obtained

from the donor during performance of the procedure; the

first station including an information input device by

which to supply donor data, process parameters, prior

procedure characteristics and component yield information

to communication medium; the first station further

including a computer responsive to the donor data, prior

procedure characteristics and component yield information

received from the communication medium to determine at

least one process parameter to be used. for controlling the

blood component collection device during performance of a

subsequent procedure on the donor; and the first station

also including a display by which to display the doftor

data, process parameters, prior procedure characteristics

and component yield information;

a second station interactive with the communication

medium to transmit and receive information on the medium

describing biological data of the donor, describing process

parameters for controlling the eollAction device during the

procedure performed on the donor, describing physical and

medical characteristics of the donor observed during

performance of a prior procedure on the donor, and

describing the yield of at least one component obtained

from the donor during performance of a procedure; the

second station including an information input device by

which to supply donor data, process parameters, prior

6a
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procedure characteristics and component yield information

to communication medium; the second station further

including a computer responsive to the donor data, prior

procedure characteristics and component yield information

received from the communication medium to determine at

least one process parameter to be used for controlling the

blood component collection device during performance of a

subsequent procedure on the donor; and the second station

also including a display by which to display the donor

10 data, process parameters, prior procedure characteristics

and component yield information; and

an interface of at least one of the first or second

stations which connects to the blood component collection

device to the one station, the interface adaptable for

controlling the blood collection device to perform the

procedure in response to the process parameter information

transmitted to the one station by the communication medium;

the interface further supplying information to the medium

at the one station describing the yield of at least one

20 component obtained from the donor during performance of the

procedure performed.

According to the present invention there is also

provided a method of controlling a blood component collection

device in a prooedure performed on a donor to separate, remove

and collect components from blood received from the donor and

for communicating information describing the procedure,

comprising the steps of:

establishing first and second stations, each of which

includes a computer, an information input device and a

30 display;

connecting one of the first and second stations to the

blood component collection device;

communicating information between the first and second

stations which describes biological data, of the donor,

process parameters for controlling the collection device
during the procedure performed on the donor, physical and

6b
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nodical characteristics of the donor observed during

performance of a prior procedure on the donor, and the

yield of at least one component obtained from the donor

during performance of the procedure;

using the information input device at either the first

or the second station to create at least some of one of the

donor data information, the proceas parameter information,

the prior procedure characteristics information and the

component yield information;

10 deriving at least some of the process parameter

information by processing the donor data, prior procedure

characteristics and component yield information with the

computer at one of the first or second stations; and

controlling the operation of the blood component

collection device in response to the process parameter

information which was communicated, created by using the

information input device and derived from the computer.

As above indicated, in one aspect, the present

invention may be characterized as a blood component collection

20 system having blood component product-based optimization-like

capabilities. In such case, the method for collecting at

least one predetermined blood component (e.g., a collection

of platelets, red blood cells) from a source of whole blood

using a blond component collection system includes a blood

component collection device and utilizes a collection

procedure. More particularly, a desired yield of the

predetermined blood component (s) is identified (such yield

including a single yield or range of yields) and biological

data relating to the source is provided to the blood component

30 collection system. Moreover, a value or magnitude is

associated with each of the various process parameters used

in the collection procedure. A magnitude, of at least one of

these process parameters is derived from the biological data

and the desired yield. These magnitudes, including all

magnitudes of process parameters derived from the desired

yield, are input to the blood component collection system.

6c
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Thereafter, the collection procedure is performed with the

blood component collection device and with the input process

parameters to collect the desired yield of at least one

predetermined blood component (s) from the whole blood source.

As above indicated in another aspect, the present

invention may be characterized as a blood component collection

system having time-based optimization-like capabilities. In

such case the method for collecting at least one predetermined

blood component from a source of whole blood using a blood

10 component collection system includes a blood component

collection device and utilizes a collection procedure. A flow

of the whole blood from the source, as well as a flow of

anticoagulant, is provided to the blood component collection

system and collectively constitutes an inlet flow. In the

method, a total procedure time for the collection procedure

is identified (e.g., based upon donor time availability). One

potential inlet flow to the system is derived from at least

this identified total procedure time. Another potential inlet

flow to the system is derived which provides an "optimum"

20 collection efficiency and is effectively the apex of a bell-

shaped yield/inlet flow curve (i.e., the inlet flow which

provides the maximum blood component yield) . Consequently,

if the total procedure time-based inlet flow is greater than

the maximum yield-based inlet flow, and thus is an inlet flow

on the decreasing slope portion of the yield/inlet flow curve,

the maximum yield-based inlet flow magnitude is used in the

performance of the collection procedure. However, if the

total procedure time-based inlet flow is less than the maximum

yield-based inlet flow, and thus is an inlet flow on the

30 increasing slope portion of the yield/inlet flow curve, the

total procedure time-based inlet flow magnitude is used in the

performance of the collection procedure.

6d
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The subject invention provides greater efficiency in

blood component collection and management. For example,

the present invention can be used to compare blood

bank/center component inventories with projected needs, and

5 adjust collection procedures to meet these needs. Further,

the present invention provides benefits to donors. In

particular, certain information relating to the donor's

physical and medical characteristics may be stored in the

system and utilized during subsequent visits by the donor

10 to derive magnitudes for the various process control

parameters. For pyanplp, for a donor with an anticoagulant

intolerance, the magnitude of the anticoagulant infusion

rate may be set so as to not exceed the donor's tolerance

.

15 Brief Description of the Drawings

Fig. 1 is a schematic representation of a blood

component collection system in accordance with principles

of the present invention;

Fig. 2 is a schematic representation of one embodiment

20 of a blood component separation assembly which utilizes a

dual needle configuration and which may be incorporated

into the blood component collection system of Fig. 1;

Fig. 3 is a schematic representation of one embodiment

of a blood component separation assembly which utilizes a

25 single needle configuration and which may be incorporated

into the blood component collection system of Fig. 1;

-7-
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Figs. 4 a and 4b are perspective and top views,

respectively, of one type of a disposable processing

channel used In the blood component collection device of

Figs. 2 and 3;

5 Fig. 5 is a flow chart of a blood component collection

procedure utilizing principles of the present invention;

Fig. 6 is a flow chart of one optimization model for

deriving at least one optimal process parameter from a

desired blood component yield or from a total procedure

10 time in accordance with principles of the present

invention;

Fig. 7 is a flow chart of one optimization model for

deriving at least one optimal process parameter from a

desired blood component yield or from a total procedure

15 time in accordance with principles of the present

invention; and

Fig. 8 is a yield/inlet flow curve.

Detailed Description

20 - The present invention will be described with reference

to the accompanying drawings which assist in illustrating

the pertinent features thereof. One application of the

present invention is embodied within a blood component

collection system which separates, removes, and collects at

25 least one type of blood component (e.g., platelets, red

blood cells, white blood cells, plasma) from a source of

whole blood (e.g., a donor) through utilization of a

collection procedure derived from a typically site-

-8-
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configured/operator-input goal(s) and the "maximization" of

at least one process control parameter. This type of

derivation is referred to herein as an "optimization

process" and the derived process control parameters are

referred to herein as "optimal values."

Referring to Fig. 1, the present invention is embodied

within the bl^od component collection system 2 which would

typically be implemented at a blood bank/center (not

shown) . The system 2 includes an optimization assembly 140

(e.g., appropriate microprocessor (s) such as an IBM

compatible PC and software) and at least one blood

component collection assembly 10 (three shown) which each

includes a blood component collection device 18 as an

integral part thereof. As will be discussed below, the

optimization assembly 140 (or at least a portion thereof)

and associated blood component collection assemblies 10 are

preferably appropriately interfaced but may be completely

separate as well. That is, optimization procedures in

accordance with principles of the present invention are not

limited to being performed at any particular location.

Generally, the optimization assembly 140 includes a

central input station 148' (e.g., an appropriate

microprocessor such as an I8H compatible PC and attendant

software) for inputting and maintaining donor—related data,

and also typically for preparing an initial procedure order

(the process control parameters derived from the donor-

related data and other considerations) for a given donor.

These procedures may also be performed at the appropriate
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operator interface module 16 as well .such that a central

input station 148 is not required. However, where a

central input station 148 is used, this donor-related data

and/or Initial procedure order is transferred to one of the

operator interface modules 16 (e.g., an appropriate

microprocessor such as an IBM compatible microprocessor and

interfaced with the device 18 via an RS232 or other lab

specific interface, including the Digital Equipment Corp.

PCP 30, which is also known as the DEC pc 325SL and which

utilizes a 386 processor) which are located at each blood

component collection device 10 and which as noted

preferably interfaces with an optimizer module 144 (part of

the optimizing assembly 140) for providing the operator

with one or more optimization options. These optimization

options provide a different set of process control

parameters than the initial procedure order based upon one

or more specified conditions/goals (e.g., input blood

component yield, input procedure time) and a particular

derivation for the process control parameters. If an

optimization option is selected the procedure order is

modified to reflect the results of the optimization, the

collection procedure is initialized/reinitialized (i.e.,

the collection procedure would be reinitialized in the case

of an optimization which is performed after the collection

procedure has been initiated and such is referenced to as

a downstream optimization) with the results of the

optimization, and the collection procedure is thereafter

performed with the blood component collection device 18.

-10-



2133913

Various embodiments of blood component collection

assemblies may incorporate principles of the present

invention. However, as noted above on-line techniques have

been determined to be quite effective and thus the present

invention is being described with reference to euoh

techniques. One embodiment of an on-line technique and

attendant apparatus which may be incorporated into the

blood component collection system 2 of Fig. 1 is

illustrated in Fig. 2. The blood component collection

assembly 10' utilizes an on-line technique in that a donor

14 (e.g., the whole blood source) is directly integrated

with the system 10' by fluid interconnection with the blood

component collection device 18. This particular on-line

technique is more particularly referred to as a dual needle

configuration since there are two fluid interconnections

between the donor 14 and the blood component collection

device IB.

The donor 14 is fluldly connected to the blood

component collection device 18 by an inlet line 22 and

appropriate needle assembly (not shown) . Whole blood from

the donor 14 is thus continuously provided to the blood

component collection device IB tnrbugh the inlet line 22

for separation of the desired blood component (s) therefrom,

utilizing an inlet pump 26 (e.g., a peristaltic pump) to

maintain this flow if desired/required. Prior to the blood

of the donor 14 entering the blood component collection

device 18, anticoagulant from an anticoagulant ("AC")

container 30 may be provided to the whole blood, utilizing

-11-
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an AC pump 32 (e.g., a peristaltic pump) to maintain this

particular flow if desired/required. Consequently, the

inlet flow to the blood component collection device 18

typically includes both a flow of whole blood from the

5 donor 14 and a flow of anticoagulant from the AC container

30.

The blood component collection device 18 separates the

whole blood provided on line by the donor 14 into three

primary constituents, namely platelets, a combination of

10 red and white blood cells ("RBC/WBC") , and plasma. The

platelets collected from the blood component device 18 are

directed through a platelet collect line(s) 3 4 to one or

more platelet collect bags 38 via a collect pump 36. The

plasma and RBC/WBC are provided back to the donor 14

15 through a plasma line 42 and RBC/WBC line 46, respectively,

both of which are interconnected with a second needle

assembly (not shown) on the donor 14 via a donor return

line 50. The plasma line 42 includes a plasma pump 40

(e.g., a peristaltic pump) to maintain the flow of plasma

20 if desired/required. Although plasma may be provided back

to the donor 14 in the above manner, it may be desirable to

collect the separated plasma in some cases. In this

regard, a plasma collect bag 54 may be provided and

interconnected with the plasma line 42 (interconnection

25 shown in phantom) . In this case, appropriate valving 56

may be incorporated in the plasma line 42.

-12-
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The blood component separation assembly 10" of Fig. 3

is similar to that of the dual needle configuration of Fig.

2 except that a single needle assembly (not shown)

integrates the donor 14 within the blood component

5 collection assembly 10". Consequently, similar components

are similarly identified where appropriate. With regard to

the elnglo noodle configuration of Pig. 3, whole blood of

the donor 14 initially flows through a donor access line 62

and into an Inlet line 66 which is fluidly connected with

10 the blood component collection device 18 such that the

platelets are separated and collected in the above-

described manner. The plasma and RBC from the blood

component collection device 18 flow through the plasma and

RBC/HBC lines 42, 46, respectively, both of which are

IS fluidly interconnected with a return flow controller 74.

As above, however, the plasma may alternatively be directed

to a plasma collect bag 54. In the event that plasma is

not collected, the RBC/WBC and plasma are provided back to

the donor 14 through the return flow controller 74 via a

20 donor return line 70 which is interconnected with the donor

access .line 62. As can be appreciated, since only a single

line is directly connected to the donor 14, namely tho

donor access line 62, blood is either being removed from or

provided bacK to the donor 14 such that the procedure Is

25 effectively two-step versus continuous in relation to the

donor 14.

-13-
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The blood component collection device 18 used in

the blood component collection assembly 10 is more

particularly illustrated in Figs. 4A-B.

Referring to Figs. 4A-B, the blood component
collection device 18 utilizes a processing channel 80 to

provide the desired disposable extracorporeal circuit. The

channel 80 is positioned within a groove formed directly or
indirectly in a centrifuge rotor (not shown) (e.g., a

separate filler may receive the channel 80 and be attached

10 to the centrifuge rotor), and is illustrated in the shape

which it assumes during processing (i.e., during flow of

blood therethrough) . All subsequent references herein to

the structural and operational characteristics of the blood

component collection device 18 will be to the processing
channel 80 in the illustrated condition.

The processing channel 80 generally includes a

first stage 84 for collectively separating red blood eel In

("RBCn
) and white blood cells ("WBC") from platelet-rich

plasma, a second stage 92 for thereafter separating

20 platelets from the platelet-rich plasma, a transition

portion 88 defining a separation between the first stage 84

and second stage 92, and a control chamber 134 for

14
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maintaining a proper interface between the first stage 84

and second stage 92, namely the position of the interface

between the RBC/HBC and platelet-rich plasma within the

transition portion 88.

The first stage 84 extends from one end of the control

chamber 124 along an arcuate path generally inwardly,

toward the axis 132 about which the processing channel 80

rotates via the centrifuge rotor, until terminating at the

transition portion 88. Specifically, the end of the first

stage 84 adjacent the control chamber 124 is positioned at

a greater radial distance front the axis 132 than the end of

the first stage 84 adjacent the transition portion 88. An

inlet tube 96 is fluldly connected with the first stage 84

between its two ends to introduce whole blood Into the

processing channel 80 and a RBC/HBC tube 100 Is provided in

the control chamber 124 for removing the separated RBC/HBC

from the channel 80. Both the inlet tube 96 and RBC/HBC

tube 100 extend externally of the rotatable device 18 for

interconnection' with the donor 14 and/or collection bags

38, 54.

As RBC/WBC sediment against the outer wall in the

first stage 84 during rotation of the centrifuge rotor they

are directed and counterflow toward the RBC/HBC tube 100

for removal froa the channel 80 due to the increased

centrifugal forces at the RBC/WBC tube 100 in comparison

with the transition portion 88. That is, since the first

stage 84 extends along an arcuate path generally outwardly

away from the axis 132 proceeding from the transition
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portion 88 to the control chamber 124", the centrifugal
force differential along the first stage 84 establishes the
described counterflow of the separated RBC/WBC. Moreover,
the transition portion 88 also assists in providing for
this counterflow since it extends along an arcuate path
generally inwardly toward the axis 132 proceeding from the
first stage 84 to the second stage 92.

The platelet-rich plasma, which has a lower density

than the RBC and WBC, flows beyond the transition portion

88 from the first stage 84 into the second stage 92 for
further processing, while the rbc/wbc aro directed back
toward the RBC/WBC tube 100 in the above-described manner.
The second ctage 92 initiate* at the radially inwardmost
part of the transition portion 88 and extends along an
arcuate path generally outwardly away from the axis 132 to
a platelet collection chamber 104. Platelets are removed
from the processing channel 80 at the platelet collection
chamber 104 by a platelet tube 108 which interfaces with
the outer wall of the processing channel 80 at the platelet

collection chamber 104. Thereafter, the second stage 92

extends along an arcuate path generally inwardly toward the
axis 132 until terminating at the plasma tube 112. Both
the platelet tube 108 and plasma tube 112 extend externally
of the rotatable device 18 for Interconnection with the
platelet collect bag(s) 38 and donor 14/plasma collect
bag(s) 54, respectively.

-16-
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Platelets which do not separate from the plasma in the

initial portion of the second stage 92 between the

transition portion 88 and platelet collection chamber 104

are separated in the portion of the second stage 92 between

the platelet collection chamber 104 and the plasma tube

112. These platelets will flow back towards the platelet

collection chamber 104 in the opposite direction of the

flow of platelet-rich plasma/platelet-poor plasma through

the second stage 92 due to the configuration of this

portion of the second stage 92. That is, the platelet

collection chamber 104 assumes the radially outwardmost

position in the second stage 92 such that all platelets,

regardless of where separation onnurs in tho Sacond stage

92
,

flow towards the platelet collection chamber 104 for

removal from the channel 80.

Platelet-poor plasma exits the second stage 92 and
flow* out through the plasma tube 112 which interfaces with

the inner wall of the processing channel 80 and/or

continues to flow through the remaining portion of the

processing channel 80 to the control chamber 124. Plasma
which flows to the control chamber 124 exits the channel

through the control tube 114 which joins with. the RBC/WBC
tube 100 into a single outlet tube 120. The positionings

and diameters of the RBC/WBc tube 100 and control tube 114
and the joinder of such into the common outlet tube 120
regulate the position of the RBC/HBC-platelet-rich plasma
interface within the transition portion 88 using
conservation of mass principles.

-17-
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The blood component collection device 18 includes a

prediction model 20 (appropriately interfaced with the

operator Input nodule 16 as shown in Fig. 1 as noted above

and which may be used to configure the prediction model 20

and/or to allow operator input of various parameters to be

used by the prediction model 20) for predicting a platelet

yield before a collection procedure Is initiated using a

compilation of algorithms. The prediction model 20 may be

used by the optimizer assembly 140 which is associated with

principles of the present invention and thus will be

briefly described herein. Notwithstanding the following

discussion of the specifics of the prediction model 20,

those skilled in the art will appreciate that the

prediction model 20 is associated with the functional and

operational characteristics of the blood component device

18 described herein. Therefore, the algorithms used in the

prediction model 20 could and likely would vary in the case

of other blood component collection, devices which may bo

used by the present Invention. Moreover, different

algorithms could of course be used even for the prediction

model 20. Furthermore, the algorithms are specific to

platelet collection and therefore may and likely would

change If used in relation to other blood component types

such as red blood cells*

The prediction model 20 is typically configured by the

site (e.g., the blood bank/center) for a particular blood

component collection procedure (e.g., single or dual

needle) used by the' site and will be presented with regard

-18-
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to the dual needle procedure of Fig. 2 and in relation to

a platelet-collecting procedure. In this regard, an AC

infusion rate (i.e., the rate at which anticoagulant is

provided to the donor 14 per the blood volume of the donor

14) and tho AC ratio (i.o., tho collective flow of AC and

blood through the inlet line 22 in relation to the flow of

AC through the line 22) must be specified (through

configuration or modified input as will be discussed

below) . Moreover, in the event that plasma is to be

collected into the plasma collect bag 54 in the collection

procedure, the maximum amount of plasma which should be

collected considering the medical and physical

characteristics of the donor 14 must also be provided.

There are two alternatives for establishing the plasma

volume limit. The first alternative relating to the plasma

volume limit is to provide a weight cutoff (e.g., 0-500

pounds), associated with the weight of the donor 14 which

is input as will be discussed below. In this regard , a

plasma volume upper limit (e.g., 10-1500 ml.) may be

established for a weight of a donor 14 in excess of this

cutoff, and a plasma volume lower limit (e.g., 10-1500 ml.)

may be established ror a weight of such donor 14 which is

less than this cutoff. For instance, if the weight cutoff

is 175 pounds, the plasma volume upper limit can be 600 ml.

for a donor 14 weight greater than or equal to 175 pounds,

and the plasma volume lower limit can be 500 ml. for a

donor 14 weight less than 175 pounds.
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The second alternative for a plasma volume limit is to

configure the prediction model 20 such that the plasma

volume limit is expressed as a percentage of the total

blood volume of the donor 14 which is calculated pursuant

to Eq. 10 below. For instance, the plasma volume limit may

be established as 1-15% of the total blood volume of the

donor 14, and is preferably «tabli Bhed as about 12% of

such volume.

Further information is required by the prediction

model 20 prior to performing its yield prediction function.

For instance, the total procedure time is typically input

by the operator or preconfigured by the user (e.g., the

blood bank/center)
. When configured the procedure time is

typically 100 minutes. Moreover, the total procedure time

is affected by whether a stepdown option is utilised for

the blood component collection device 18 so as to enhance

separation of the various blood components. When this

stepdown option is selected, the angular velocity of the

blood component collection device 18 is incrementally

reduced during the platelet-collection procedure. For

instance, the stepdown option could provide for angular

velocities for the device 18 of 2400, aaoo, and 2000 rpm,

each of which would be for a specified duration.

Basod upon the foregoing, the configuration or the

prediction model 20 in relation to the blood component

separation assembly 10' and associated protocol in effect

standardizes site protocol for purposes of "normal"

operations. However, for a particular donor 14 it may be

-20-
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desirable to alter the "configuration 1* for one processing

run. Consequently, the prediction model 20 utilizes a

procedure in which certain parameters utilized in the

following equations may be adjusted on a one-at-a-time

basis. Such is referred to as modified input data and the

associated parameters are procedure time (e.g., 10-999

minutes), inlet flow rate to the device 18 (e.g., 0-150

ml/min. for the Fig. 2 assembly and 0-50 ml/min. for the

Fig. 2 assembly) , AC ratio option as discussed above (3-

50), the desired platelet collect volume (e.g., 10-9999

ml.), the desired platelet collect concentration (e.g.,

100-8000 x 106/ral.)r and the desired source plasma volume to

be collected (e.g., 0-9999 ml.). Moreover, other

parameters such as AC infusion rate (0.8-1.1), stepdown

option (yes or no), needle option (single or double), and

high flow option (yes or no) may also be entered as

modified input data by an operator.

Having configured the prediction model 20 in the

above-described manner, the following additional

information is provided and is utilised in the various

calculations of Equations 1-22 presented below: (1) needle

option, namely whether the proeedure Is dual needle (£ig.

2) or single needle (Fig. 3); (2) run identification number

for purposes of associating the data/output generated by

the various equations with a particular donor 14 and

processing run; (3) the sex of the donor 14; (4) the height

of the donor 14; (5) the weight of the donor 14; (6) the

total blood volume as calculated in Eq. 10 below; (7) the
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hematocrit of the donor 14, either based upon an initial

estimation and thereafter updated based upon analysis of

the donor's 14 blood sample (e.g., by a cell counter) or

input directly from such an analysis; (8) the platelet

5 precount, either based upon an initial estimation and

thereafter updated based upon analysis of the donor's 14

blood sample (e.g., coll counter) or input directly from

such an analysis; and (9) whether plasma collection is

desired in conjunction with the platelet collection.

10 Based upon the above initial configuration and

subsequent data input (except when entered as modified

input data) , the following output is generated by the

prediction model 20: (1) platelet yield; (2) inlet flow

rate; (3) AC ratio; (4) procedure time; (5) platelet

15 collect volume; (6) platelet collect concentration; (7)

source plasma volume; (8) AC in the platelet and plasma

collect bags 38, 54; (9) platelet postcount; (10) AC

infusion rate; and (11) output approval. This information

is utilised at least in part in the following equations to

20 generate, inter alia , the predicted platelet yield value of

the collected platelets for the case of the dual needle

procedure of Pig. 2 and also far the case of the single

needle procedure of Fig. 3. The differences between those

procedures with regard to the prediction model 20 are

25 identified herein. As will be appreciated, some of the

equations are utilized in the calculation of the predicted

platelet yield, whereas other equations are used to

generate additional information for output and

-22-
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informational purposes. The variables or parameters and

the units associated therewith of the equations are

presented after the equations in the Variables Index.

Platelet Yield:

Y = 1 X 10* C„ Ve Fr [l-exp[-Ec (fBP - 0.12))] (Eq. 1)

where

:

*"*r " <0„ tK SO) il-l/R)/VB (Eq. 2)

and where:

Qjx ° rQac " 0.001 X VB PR S 150 (Eq. 3)

Alternatively, the platelet yield may be expressed as:

UrtO , C„V,F,(l-expt- ĉ (0.001X(ie-l)PtJ*50 Cl-l/A)/V^-0.12j]l0

(Eq. 4)

Platelet Collection Efficiency :

Ec «= q - ^ exp 19.91 (1 - l/R)m Qua * 0 (Eq. 5)

where the constant C, is defined as follows:

C, ~ 0.803 - dual needle, without stepdown
C, - 0.840 - dual needle, with stepdown

where the constant C
2
is defined as follows:

« 4.08 x 10"5 - dual needle, without stepdown
- dual needle, with stepdown

-23-
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and where:

Onn » Qt* <C
jr
/Cp) (Eq. 6)

In Eq. 6, t
p
may be provided, as configuration data or

modified data as provided above, or alternatively nay be

derived from the solution of Eg. 4 for t
£

.

Effective Procedure Time:

= tp - 500 (1/45 - 1/(V . On, > 45 '

Only high-flow protocol is used for Qln
> 45.

AC Infusion Rate Constant

i

I - 1000 Qjg/iPRVJ (Eg. 8)

Alternatively to the use of Eg. 8 for the derivation

of the AC infusion rate constant I, such may be provided as

configuration or modified input data pursuant to the above.

AC Ratio

'

Initially, the AC ratio may be provided as

configuration or modified input data pursuant to the above.

In configuration, it is defined as follows:

R - l + 2.51/H low
- 1.33(1 + 2.51/H). medium (Eq. 9)
- 1.67(1 + 2.51/H) high
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Total Blood Volume:

V = 604 + 0.006012 L1 + 14.6 W ml (male) (Eq. 10)
' « 183 + 0.005835 L3 + 15.0 W ml (female)

5
Plasma Collect Factor :

AC infusion rate control maintains the AC flow to the

10 donor as:

QAC0 * 0.001 J VB (Eq. 11)

where the inlet flow associated with this is:

0IfJO
- RQAa> - 0.001 IRVB (Eq. 12)

15 q
|(|

is proportional to the total AC flow, as given by

Eq. 3, which includes the AC that flows to the platelet

collect bag 38 and the plasma collect bag 54. P (Eq. 13)

is the factor by which QIH
is increased by collecting AC,

relative to not collecting AC. That is,

P = QJQifo " (average Q^) /QACD (Eq. 13)

20

where:

p - i <W<W [V<tF - iso/oj vspf{tp - soo/cW]

(Eq. 14)

and where:

/^-((/i-Dd-H)]-
1 CEq. 15)

25

-25-
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Platelet Collect Volume;

Vc - 1 x 10-' Y/ [CB (1 * fACP)] ")

Source Plasma Volume :

The four choices provided are as follows:

VSf = 0

specified as modified input

i0 (Eg. 17)

where:

(Eq. 18)

and where:

0 . 01 £ f„ * 0 . 15 (Eq- 19)

10 Donor Postcount:

CpQ = Cre exp(-Fc (0.001 J(J?-l)Pt£^S0(l-l/J?)/Vi,-0.12)] * cn

(Eg. 20)

A warning is given if C^, < 100.

Collect Volumes :

Vc » Vc (1 * f^)

Krra " Vsp (1 + ^jicp)

(Eq. 21)

(Eq. 22)

15

-26-



2133913

The primary equation to be solved for purposes of the

yield prediction by the prediction model 20 is Eq. 4.

Consequently, Eqs. 1-3 and 5-22 are ancillary to Eq. 4

although they may be used to calculate other output data

and/or information required by Eq. 4. With regard to the

manner in which Eqs. 1-22 are solved, all the iteration

loops »p based on the technique of successive

approximation, in which each iteration is a repeat of the

previous one, but using updated parameter values calculated

in the previous iteration. This process continues until

all the convergence criteria ore met. Tho convergence

criteria are that, on successive iterations, the variable

difference is < 1 for V
e , < 0.2 for t

£ , and < 10 for c,.

As noted above, the foregoing was based upon a dual

needle configuration as illustrated in Fig. 2. In the

event that a single needle configuration such as that

illustrated in Fig- 3 is utilized, the following Eq. 7' is

used in place of Eq. 7 and the constants C, and C, for Eg.

5 are as follows:

€,"0.803

Cj-8,54 X 10 -5

tB - . Onr * 20
, (Eq. 7')

= tp
- 215 (l/2O-l/0„) , Ojy > 20

variables Index

symbols for Eauationa:

C , c. = constants in platelet collection efficiency
1 equations
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platelet concentration in collect bag,

expressed as 103 platelets/microliter

donor postcount, expressed as 103

platelets/microliter

donor precount, expressed as 103

platelets/microliter

platelet collection efficiency

AC expressed as a fraction of pure plasma
volume

fraction of V
9

processed in platelet
collection procedure

vcon expressed as a fraction of v
B

user-specific (e.g., blood bonk/center)
yield calibration factor

hematocrit of donor or patient

AC infusion rate constant

donor or patient height, inches

plasma collect factor

AC flow, ml/tain

AC flow infused into donor for platelet
collection procedures, ml/nin

inlet flow, ml/rain

average inlet flow for platelet procedures,
nl/min

RQ « inlet flow associated with QAa>,
ffll/min

AC ratio

equivalent procedure time, win

procedure time, min

total blood volume of donor or patient, ml

volume of pure plasma in platelet collect
bag, ml

total volume in platelet collect bag, ml
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« volume constraint for total pure plasma
collected, ml

« higher value of V^, ml

» lover value of V^, ml

« volume- of pure plasma in source plasma bag,

nl

= total volume in source plasma bag, nl

» donor or pationt weight, lhs

weight constraint associated with V^, , lb

- platelet yield, number of platelets.

As noted above, the optimizer assembly 14 o associated

20 with principles of the present invention interfaces with or

at least provides information to one or more blood

component collection assemblies 10 to provide a blood

component collection system 2. That is, although there are

definite advantages to having an interface between the

25 optimizer assembly 140, particularly the optimizer module

144, and the blood component collection device 18, the

optimization procedure may be performed at any location and

input Into the blood component collection device 18 in any

manner. Since the general principles of the blood

O component collection assembly 10 were described with

relation to the collection assemblies 10, 10" which

included the blood component collection device 18 and Its

various features, the optimizer assembly 140 will be

described in relation to such assemblies 10', 10".

35 However, it will be appreciated that the fundamental

10

Vam

V
cow*

V

vV
SP8

15 W
c

-29"
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optimization principles of the present invention are not

limited to these collection procedures and/or apparatus.

As noted (Fig. 1), the optimization assembly 140

generally includes a central input station 148, as well as

an optimizer module 144 for each blood component collection

device 18. Initially, it should be noted that the

optimizer module 1.44 may be separata from tho internal

control of the blood component collection device 18 which

is accessible by the operator interface module 16.

However, typically the optimizer module 144 will be

Integrated with this internal control along with the above-

described prediction model 20.

Referring to Fig. 5, the optimizer assembly" 140 will

be described with regard to a standard procedure. The

central input station 148 will typically be used by blood

banks/centers as the primary means for donor data input and

donor data management. Information relating to a donor

such as sex, height, weight, and demographics will be input

at the central input station 148. Moreover, information

relating to the donor's hematocrit and a blood component

precount, both of which may be obtained from a donor. blood

sample and dotorminod by known techniques such aa cell

counters, may also be entered at the central station 148.

In addition to donor-related data, the particular type of

collection procedure to be used for the donor (e.g., single

needle or double needle) may be input/confirmed at the

central input station 148. Based upon this information and

certain site-standardized conditions (e.g., total procedure
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tiine r collection efficiency, Ac infusion rate) , an initial

procedure order is thereafter generated which specifies the

various process control parameters associated with the

selected collection procedure.

The initial procedure order nay be transferred/down-

loaded onto the internal control of a blood component

collection device 18 by a computer disk 142 (Fig. 1) or

electronically if a network system is implemented (not

shown) , through use of the operator interface module 16 if

required/desired. When this operator interface module 16

exists, it may of course be used for the initial donor data

input and/or to generate the initial procedure order and

thereby alleviate the need for a central input station 148.

However, it may be more efficient to use the central input

station. Although this initial procedure order may be used

in the collection process, the initial procedure order may

be optimized in accordance with principles of the present

invention to obtain one or more optimal values for the

process control parameters. As noted, this optimization

process may be utilized before the collection procedure is

actually initiated, but may also be initiated during a

given collection procedure and such is referred to as

downstream optimization.

With regard to the various optimization options,

process control parameters may be derived for a product-

based optimization. More particularly, the optimizer

assembly 140 and specifically the optimizer module 144

derives process control parameters for achieving a
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predetermined yield of blood components through a

maximization of at least one process parameter as will be

discussed below in relation to the optimization models 152

(Fig. 6), 172 (Fig. 7). As noted above, in the United

States a single platelet product (SPP) is 3 x lu 11 platelets

and a double platelet product (DPP) is 6 x 10n platelets.

Consequently, the optimizer module 144 may be configured to

provide a number of product-based optimizations such as SPP

and DPP. Although the exact values for a current U.S. SPP

and DPP could be configured into the optimizer module 144,

in order to increase the probability that the actual yield

will equal or exceed the yield requirements for a current

U.S. SPP or a DPP, the site may configure a SPP to be 3.5

x 10 11 platelets and a DPP to be 7.0 x 10" platelets (e.g.,

to effectively provide a given confidence level that the

specified yield will actually be met)

.

The optimizer module 144 may also be configured to

provide a time-based optimization. That is, for a given

amount of time which a donor is available, the optimizer

module 144 will derive those process parameters which allow

for the collection of a "maximum" amount of platelets in

this. time period in relation to a maximisation of at least

one of the process control parameters.

once the optimisation is complete, the values for the

various process control parameters generated thereby, as

well any ancillary/previously specified values, are

downloaded to the internal control of the blood collection

device 18 such that the collection procedure may be
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initiated or reinitiated (downstream optimization) as the

case may be in accordance with these values. Once the

procedure is completed, certain data is transferable (via

the dis)c 142 or electronically as noted) back to the

central input station 148 for further use with regard to

the particular donor. in addition, this information as

well as the initial input nay ho used to ganarato various

types of reports which nay further assist in the management

of the blood banX/center (e.g., individual run,

donor/patient, summary reports). That is, this information

may be used in the derivation of subsequent procedure

orders for the particular donor. For instance, in the

event that a certain AC infusion rate was used in the

collection procedure which had certain effects on the

donor, this may be recorded in the central input station

148 such that a lower AC infusion rate would be

suggested/required for subsequent donations by the donor.

One model which may be incorporated into the

optimization module 144 is illustrated in Fig. 6 and will

be described with regard to platelet collections in

accordance with the dual needle configuration of Fig. 2,

although the module 144 may bo used with a variety o£ other

collection procedures and including the single needle

configuration of Pig. 3, as well as with various other

blood components. Initially, it should be noted that all

references in Fig. 6 to "derivations" are actually provided

by the prediction model 20 discussed above such that there

is either an appropriate interface between the prediction
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node* 20 and optimizer nodule 144 or the optimisation
nodule 144 actually includes the prediction model 20.

Moreover, as noted the prediction model 20 is specific to
the blood component collection device 18 and to platelet

collections. Therefore, if other devices are used the
associated prediction model would also likely change as
noted. Moreover, the associated prediction model may also
vary in the case where different blood components such as
red blood cells are to be collected.

The optimizer model 152 of Fig. 6 may be used for both
product-based and tl Ba-b«Sed optimizations, initially, the

optimizer model i52 wU1 be described with regard to a

produot-baocd optimization. That is, the fundamental
premise of the optimization is to achieve . predetermined
platelet (or other blood component type) yield (or within
a yield range) , preferably in the minimum amount of tillo .

The optimizer model 152 of Fig. 6 is comprised of four
iterative loops. Generally, the first loop 156 is a
derivation of an imet flow W„) associated with a

specified AC infusion rate (Xm ) which is typically set at
a maximum value for purposes of the present invention and
which is entered at the input station 154. This derivation
is thereafter performed by the processing station 158 and
includes the solution „, *,„. 4. B , i«, ond X6 and/or
equations ancillary thereto by the prediction model 20 as
discussed above.
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There are of course various convergence criterion/

criteria which may be incorporated into the first loop 156.

For instance, convergence may be based upon the current
inlet flow (QI<c , ln flrst 1<}op 1Sfi use of ^

binary search technique. l„ this case, in solving the
noted equations at the processing station 158 certain
parameters regain fixed in the iterative derivation of th»
inlet flow (Q1( , „hich achieves the specified AC infusion
rate

<W and these parameters are also specified at input
station 1S4. These include the total blood volume (V.)

which can be cslculafd uSi„9 b,. 10 Blnce ^ aonor . s

height, weight, and sex are entered at the central input
station 14 8, and the AC ratio (R) , which can be calculated
using Eg. 9 since the donor's hematocrit (H) has been
determined, or may be specified at some value. Moreover,
the total procedure time (t,) remains fixed in each
iterative derivation of the inlet flow (0„) associated with
the specified AC infusion rate (I„K , in the first loop 156.
However, since the total procedure tine Jt,) is not known in
the case of a product-based optimization and thus cannot be
specified at the input station 154, a current total
procedure tiae <t,.

c ) initially will be assumed (e.g., thl0
assumption is configured in the optimizer model 152 and
since a range of total procdure ti»ea is pcviM ln ^
prediction model 20 as noted above, the mean total
procedure time (t,, is typically configured into this
portion of the optimizer model 1S2 as the initial current
total procedure time (t,,.

c j ) . The -current- designation is
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used for the total procedure time in this case since the

optimizer model 152 provides for an adjustment of the total

procedure time after each iterative determination of the

inlet flow (Q|B ) which provides the specified AC infusion

rate (1^) in the second loop 160 in -order to achieve the

desired yield (y) if required in the case of a product-

based optimization as will be discussed in more detail

below.

Generally, the inlet flow-based binary search

technique convergence may be provided by assuming a current

value for the inlet flow <Q
|tt_c) , calculating a current

plasma collect factor (P
c ) using the current total procedure

time (tp_
c), calculating a current AC infusion rate (Ic )

using the current inlet flow (Q
(I(.C ) and current plasma

collect factor (P
c ) , and adjusting the current inlet flow

Ww-e) *at the Parameter update in the first loop 156) in

accordance with the selected binary search technique until

there is a predetermined convergence between the two most

recent values for the current inlet flow (QIH.C ) (i.e.,

wherein the difference between the two most recent values

of
Q|(,.e

is less than some predetermined amount which means

that the convergence criterion is met) . m the case of a

binary search technique, there will always be convergence

(i.e., the convergence criterion will alwayc be net) euch

that the optimizer model 152 will always exit the first

loop 156 and enter the second loop 160.
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As an alternative to the noted inlet flow-based

convergence criterion/criteria and the noted binary search

technique, another possibility is to base convergence on

the specified AC infusion rate (1^) and use an iterative

derivation to determine the desired inlet flow (Q
J|(

) . in

this case, the first loop 156 is used to once again

iteratively derive the inlet flow (Q )lt )
which provides the

specified AC infusion rate (y at the processing station

158 from certain specified parameters.' That is, the first

loop 156 is still a maximization of the inlet flow (qj|( )

based upon the specified AC infucion rate (l
jp£c ) which

should be associated with the donor 14. This is again

primarily through the colution of Eqs ~
4, 8, 14, arid 16

and/or equations ancillary thereto by the prediction model

20 discussed above.

For purposes of solving the above-identified equations

in relation to the infusion rate-based convergence

criterion, certain parameters remain fixed in the iterative

derivation of the inlet flow (Q
|H } which achieves the

specified AC infusion rate (y in the first loop 156 and

these parameters are also specified at the input station

154. These include the specified AC infusion rate (lvec )

which is known and which is typically a maximum value for

the donor 14, the total blood volume (V
B ) which can be

calculated using Eq. io since the donor's 14 height,

weight, and sex are entered in the central input station

148, and the AC ratio (R) which can be calculated using Eq.

9 since the donor's 14 hematocrit (H) has been determined
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and input in the central input station 148. or may be
entered as notified input data. Moreover, the total
procedure time (t,, renins fixed in each Iterative
derivation of the inlet flow (Q„) associated with the
specified AC infusion rate

(

W

. However, once again the
total procedure time (t,) is „ot known in the case of a
product-based optimization and thus cannot be specified „fc

the input station 154. Therefore, a current total
procedure time (Vc > initially will be assumed (e.g., this

assumption is configured in the optimizer model 152, and
since a range of total procodur. tiBea i» provided in the
prediction model 20 as noted above, the mean total
procedure ti.B (t,, is typically configured into the first
loop 156 of the optimizer model 152) . The -current-

designation for the total procedure time Is used for the
above-identified reasons relating to the adjustment of the
total procedure time in the second loop 160 if required to
attain the desired yield (Y)

.

The solution of Ego. 4, 8, 14, and 16 also requires
that certain values be assumed for certain of the remaining
parameters with still other parameters being derived from
this assumption. In this case, an iterative procedure 1„
used and updated/current values aw used in the next
Iterative calculation(s)

. All p,r,B.t.r. which eha„,« on
each iteration of the first loop 156 are identified herein
with a -c- subscript to designate that the most current
value Is to be used. Although the derivation of that inlet
flow (Q„, which provides the specified AC infusion rate
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(I^
c ) may be accomplished in a variety of manners via Eqs.

4, 6, 14, and 16, one way is to assume a current value for

the plasma collect factor (P
c ) , then calculate the current

inlet flow (q,^) using the specified AC infusion rate

(I$pcC)/ then calculate the current yield (Y
c ) , then

calculate the current plasma collection factor <PC ) using

the current yield (Y
c ) , and repeat this procedure with the

current values until there has been acceptable convergence

on the current inlet flow {QI0C) ln relation to the

specified AC infusion rate (e.g., when the particular

convergence criterion/criteria is met/established) . When

there is acceptable infusion rate-based convergence, the

optimizer model 152 exits the first loop 156 and enters the

second loop 160. in order to offer protection for cases

when there is no such convergence, a maximum number of

iterations for the first loop 156 may be specified (not

ahotm) .

The second loop 160 of the optimizer model 1S2 is a

total procedure time <t,) iteration. That is, the second

loop 160 is an iterative adjustment of the current total

procedure time (t,.
c ) . initially, in the second loop 160 and

in the case of a product-based optimization the model 152

will never exit at the first comparator 162 since a total

procedure time (t,) is not specified at the input station
154

.
Consequently, the optimizer model 152 proceeds to the

second comparator 166 where convergence criteria (i.e.,

more than one check) is made. One convergence criterion

which is checked at the second comparator 166 is whether
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the current yield (Yc) is greater than or equal to the

desired and specified yield (Y) . m this case, the current

yield (Y
c ) may be calculated based upon the values specified

at the input station 158, values derived at the processing

station 158, and the current total procedure time (tp_
c )

for

comparison with the desired and specified yield (Y) (in

some cases, this current yield calculation (Yc ) may have

been performed in the first loop 156 and need not be

repeated in the second loop 160) . if the yield convergence

criterion is met, the model 152 exits the second loop 160

and actually exits all the uay through to the exit isi, as

will be discussed below. in this case, the specified/

d«riv«d valuco are "optimal" and the collection procedure

could be performed on the device 18 using the noted values

for the various control parameters.

In the event that the yield-based criterion is not aet

at second comparator 166, the second comparator 166 looks

to a total procedure time-based convergence criterion which

nay be similar to that discussed above with regard to the

inlet flow-based criterion (e.g., using a binary search

technique with the convergence criterion then being a

predetermined difference between the two most current

values of the total procedure tine (tp.
c)). on the first

time through the second loop lfio aft«r th» noted yield-

based convergence criterion has failed and the total

procedure time convergence criterion has failed, the

current total procedure time (t,_
c ) is adjusted and the model

152 returns to the first loop 156. That is, each time
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that the current total procedure time (tp.c ) is adjusted in

the second loop 160, the entirety of the first loop 152 is

repeated (i.e., a new inlet flow (QIB ) associated with the

specified AC infusion rate (1^) is derived using the

current total procedure time (tV-e ) provided by the

adjustment in the second loop 160) . Other convergence

criterion/criteria could be used in thQ sacond loop 160,

such as specifying a maximum number of iterations to be

performed by the second loop 160.

In the event that the yield-based convergence

criterion is not met on the second loop 160 and the total

procedure tine-based convergence criterion is met at the

second comparator 166 in the second loop 160, the optimizer

model 152 exits the second loop 160 and enters the third

loop 164, The third loop 164 is an iterative adjustment of

the AC ratio (R) . However, the model 152 initially enters

the third comparator 169 where convergence criteria (i.e.,

more than one) are checked, one convergence criterion is

again the above-noted yield-based convergence criterion.

If this yield-based convergence criterion is again not met,

an AC ratio-based convergence criterion is checked at the

third comparator 169. Thio may be similar to the inlet

flow-based criterion discussed above (e.g., using a binary

search technique with the convergence criterion being the

two most current values of the AC ratio). On the first

time through the third loop 164 after the yield-based

criterion has failed and the AC ratio-based convergence

criterion has failed, the AC ratio is adjusted and the



optimizer model 152 returns to the first loop 152. That

is, each time that the AC ratio (R) is adjusted in the

third loop 164, the entirety of the first and second loops

156, 160, respectively, is repeated. other convergence

criterion/criteria could be used in the third loop 164,

such as specifying a maximum number of iterations of the

third loop 164

.

In the event that the yield-based convergence

criterion is not met in the second or third loops 160, 164,

respectively, and the second and third comparator 166, 169,

respectively, and the AC ratio-based convergence criterion

is met at the third comparator 169 in the third loop 164,

the optimizer model 152 exits the third loop 164 and enters

the fourth loop 168. The fourth loop 168 is an iterative

adjustment of the specified AC infusion rate (i^)

.

However, the optimizer model 152 initially enters the

fourth comparator 170 where convergence criteria (i.e.,

more than one) are checked. One convergence criterion is

the noted yield-based convergence criterion. If the noted

yield-based convergence criterion is not met at the fourth

comparator 170, an AC infusion rate-based criterion is

checked at the fourth comparator 17 o. This »*y be cimilar

to the inlet-flow based criterion discussed above (e.g.,

using a binary search technique with the convergence

criterion being the two most current values of the AC
infusion rate)

.
on the first time through the fourth loop

168 after the yield-based criterion has failed and the AC
infusion rate-based convergence criterion has failed, the
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AC infusion rate is adjusted and the model 152 returns to

the first loop 152. That is, each time that the specified

AC infusion rate (1^) is adjusted, the entirety of the

first, second and third loops 156, 160, 164, respectively,

is repeated (with the AC ratio set back to its initial

value as entered at the input station 154 on each iteration

of the fourth loop 168) . other convergence

criterion/criteria could be used in the fourth loop 168,

such as specifying a maximum number of iterations of the

fourth loop 168. In cases where the specified AC infusion

rate (I^ee) is actually the maximum AC infusion rata,

typically the fourth loop 168 will execute only a single

tima with a ono-time increase in the AC infusion rate of,

for instance, 20* (e.g., may be site-configured).

In the foregoing loops where a yield-based convergence

criteria are identified, when the criteria axe met the

optimizer model 152 exits to exit 151 and the

specified/derived (i.e., current) values for the various

process control parameters may be provided to the device 18

for performing the collection procedure. However, there

may be cases where no optimisation occurs, such as when the

optimizer model 152 exits to the exit 151 based upon the AC

infusion rate based convergence criterion being met.

The optimizer model 152 may also be used for a, tiua

optimization. That is, the optimizer model will derive

optimal process parameters for a predetermined total

procedure time (tp) through maximization of at least one of

the process parameters in order to maximize the platelet
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collection (or for other blood component types) . In' this

case, the optimizer model 152 only executes the first loop

136 to derive the inlet flow (Q
IB ) associated with a

specified AC infusion rate (1^) (typically a maximum

value) using the input total procedure time (t,) in this

iterative derivation instead of the assumed total procedure

time (t,) referenced above. Once there is acceptable

convergence as defined above in the product-based

optimization such that model 152 exits the first loop 156,

the current yield (Y
c ) may b*s calculated in the first loop

156 (but again may already have been calculated in the

first loop 156 at the processing station 158 such that no

further calculation is required) and the convergence

criterion will be met at the first comparator 162 when

entering the second loop 160 (i.e., in a time-based

optimization when a total procedure time is specified at

the input station 154, the model 152 will exit when

entering the second loop 158) . As a result, the inlet flow

(Qm ) and AC infusion rate (I) will be optimal and the

collection procedure may be performed with such values.

Another optimization model is presented in Fig. 7 and

may be used for both product-b*cod and tiao-baeod

optimizations. As in the case of the optimizer model 152,

the optimieer model 172 nay interface with the prediction

model 20 or actually integrally incorporate the prediction

model 20, and thus reference to Eqs. 1-22 will be further

made herein. Generally, the optimizer model 172 is based

upon the principle that optimization occurs when an optimal
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inlet flow (Q^) associated with an optimum system collection

efficiency is used in the derivation of various process

control parameters. Referring to Fig. 8, a representative

inlet flow (QI|f)
/yield (Y) curve is presented to show the

optimal inlet flow (Qt ) associated with the maximum yield

(
v
wm) - This optimal inlet flow (Q

L
) is mathematically

expressed by Eq. 23 presented below which results from

differentiating Eq. 4 of the prediction model 20 with

regard to the inlet flow (Qlv ) . As can be appreciated,

where different algorithms are used in the associated

prediction model (whether based upon collection of blood

components other than platelets, different collection

apparatus, or alternative derivations of the various

parameters with the same collection procedure and

apparatus), the optimal inlet flow may be mathematically

expressed in a different manner.

(li!;)
e"'9U1 -xm" " C3 (Eg. 23)

c a 1 00 * 45 for Dual Needle (
ffmff

)
3 2ltp/K, - !/«;) ' i 20 for Single Needle ("Stf")

<Bq. 24)

K, = 500 (JDW) jr ° 45 (DN)
- 215 (SW) =20 iSN)

(^* }
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0.803 (S77, DN without stepdown) fE
0.840 (DN with stepdown) 1 q * '

CL = 4.08 x 10"s (W)
= 8.54 x 10' s (SW)

Based upon the foregoing, the optimal inlet flow (QJ

is really "optimal" in terras of the collection apparatus.

5 Referring again to Fig. 7, the optimizer model 172

will initially be described with regard to a product-based

optimisation wherein the desired yield (Y) is specified at

input station 184. Generally, the inlet flow (QIB )

associated with a specified AC infusion rate (1^)

10 (typically the maximum AC infusion rate and also specified

at input station 184) is iteratively derived from certain

other specified parameters. This inlet flow calculation,

particularly when the maximum AC infusion rate (1^) and

maximum AC ratio (R^,) are specified, the inlet flow (QIM)is

15 optimal based on the physiological considerations of the

donor 14. This is primarily through the solution of Eqs.

4, 8, 14, and 16 and/or equations ancillary thereto by the

prediction model 20 discussed above. For purposes of

solving these equations certain parameters remain fixed in

the iterative derivation of the inlet flow (Q
||(

) which

achieves the specified AC infusion rate (1^,.) and these

parameters are also specified at input station 184. These

include the total blood volume (V
t ) which can be calculated

using Bq. 10 since the donor's height, weight, and sex are

-46-
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entered in the central input station 148, and the AC ratio

<R), which can be calculated using Eq. 9 since the donor's

hematocrit (H) has been determined, or may be specified at

some maximum value. Moreover, the total procedure time (t,)

remains fixed in each iterative derivation of the inlet

flow (Qtu ) associated with the specified AC infusion rate

( It«c) • However, since the total procedure time (tp) is not

Known in the case of a product-based optimization and thus

cannot be specified at the input station 184, a current

total procedure time (t
p .c ) initially will be assumed {e.g.,

this assumption i© configured in the optimizer model 172

and since a range of total procedure times is provided in

the prediction model 20 as noted above, the mean total

procedure time (t,) is typically configured into this

portion of the optimizer model 172 as the initial current

total procedure time <t,.
c>>- "current" designation is

used for the total procedure time in this case since the

optimizer model 172 provides for an adjustment of the total

procedure time after each iterative determination of the

inlet flow (Qia ) which provides the specified AC infusion

rate (1^) in order to achieve the desired yield (Y) if

required in the case of a product-based optimisation as

will be discussed in more detail below.

Tho solution of Ego. 4, 0, 14, and 16 also reguires

that certain values initially be assumed for certain of the

remaining parameters. In this case, an iterative procedure

is used in the solution of the yield equation (Eg. 4) (and

including equations ancillary thereto as noted above) and
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updated values are used in the next iterative

calculation(s) at the processing station 188. Although the

derivation of that inlet flow (Q tu ) which provides the

specified (typically maximum) AC infusion rate may be

5 accomplished in a variety of manners via Eqs. 4, 8 f 14, and

16, one way is to assume a current value for the plasma

collect factor (P) , then calculate the currant, inlet flow

(Q„,.c > using the specified AC infusion rate (I
5Ptc ) , then

calculate the current yield (Y
c ) , then calculate the current

10 plasma collection factor (P
c ) using the current yield (Y

c )

,

and repeat the foregoing with the updated parameters, all

within the processing station 188, until there has been

acceptable convergence on the current inlet flow (QtlhC ) in

relation to the specified AC infusion rate (1^) .

15 in addition to the calculation of the current inlet

flow (Qu.c)
associated with the specified AC infusion rate

(1^) , the above-discussed optimal inlet flow (Q
L
) is

calculated at processing station 192. Consequently, a

comparison can be made between the current inlet flow (Q,H.C )

20 which was derived in the above-described manner and the

optimal inlet flow (Q
t
) at the first comparator 176. If the

current inlet flow (Q, B.C) is lecc than the optimal inlet

flow (Q^ at the first comparator 176, the specified values

for the various parameters associated with the Inlet flow

25 Q|n are "optimum", namely the AC ratio (R) and the AC

infusion rate (I) specified at the input station 184.

Thereafter, the current yield (Yc ) (which was calculated in

the derivation of the current inlet flow (QIB.C ) associated
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with the specified AC infusion rate (I^J at the processing

station 188) is compared with the input yield (Y) at second

comparator 180. In the event that there has been

acceptable convergence between these yield values, the

current total procedure time (tp.c) is also "optimal".

However, in the event that there has not been acceptable

convergence between these yield values, the current total

procedure time (t^) is adjusted at adjusting station 196

and the foregoing iterative derivation of the current inlet

flow (Q,„.c ) associated with the specified AC infusion rate

^spcc) is repeated until such convergence is achieved (i.e.,

using the initially specified AC infusion rate (X„tc ) and

the now adjusted current total procedure time (tp.
c

, a new

current inlet flow (Q
llt.c)

is iteratively derived in the

above-described manner)

.

Referring back to the first comparator 176, if the

current inlet flow (Q)M .C ) associated with the specified AC

infusion rate (1^) derived at processing station 188 is

greater than the optimal inlet flow (q^ , a current AC

infusion rate (l
c ) associated with this particular inlet

flow (C^) is iteratively derived at the processing station

18fl generally in the above-described manner (!.«., the

initially specified AC infusion rate (1^) is disregarded

in this derivation ana a current AC Infusion rate (l
c ) is

iteratively derived to coincide with the inlet flow (QJ).
In this case, the current inlet flow (QIN .C ) will always be

equal to the optimal inlet flow (Qt
) at the first comparator

176 and the optimizer model 172 thereafter proceeds to the
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second comparator 180 for the yield comparison In

accordance with the above-described procedure.

The optimizer model 176 may also be used for a time-

based optimization. In this case, the total procedure time

(tp ) is specified at the input station 184 as a specified

total procedure time (t,.^) and thus is not assumed as in

the product-baced optimisation. The optimizer model 172

thereafter proceeds in the same manner discussed above with

regard to the product-based optimization except at the

second comparator 180. Since no yield was input there is

no yield comparison made at the second comparator 180.

Instead a total procedure time comparison is made at the

second comparator 180. Since the current total procedure

tine (t^.p) was set equal to the specified total procedure

time (tp.,^) prior to the model 172 proceeding to the

processing station 188 in this time-based optimization, the

model 172 will exit each time at the second comparator for

a time-based optimization.

In addition to the above-described product-based and

time-based optimizations, the principles of the present

invention may be extended to other applications relating to

enhancing blood component system management, ror instance,

an optimization in accordance with principles of the

present invention may be extended to encompass donor

management issues. in one such case, another

"optimization" associated with the blood component

collection process would be to collect blood components as

dictated by existing inventory {i.e., use optimization as
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dictated by existing inventory (i.e., use optimization as

an inventory control) . That is, information relating to

the inventory of the various types of blood components in

the blood bank/center and/or the demand for one or more

blood component types could be maintained such that

specific collection procedures could be selected to

accommodate for a low supply of a given blood component

type and/or a high demand for such blood component type.

More specifically, in the event that the supply of red

blood cells was low and/or the demand for red blood cells

was high, or anticipated to be so in the near future,

prompts could h*> provided to operators that rod blood calls

should be selected for collection if possible from donors

during a given time period. Relatedly, the optimization

principles of the present invention would be applicable to

,

maintaining data on blood component collections from a

given donor such that a determination could be made as to

what type or types of blood components from the particular

donor provided the maximum yield in the collection

procedure. That is, information could be collected and

maintained from prior blood component donations such that

a determination could be made for a specific donor as to

which type or types of blood components the donor has had

a propensity to produce maximum yields therefor.

Notwithstanding the foregoing description of the

present invention in relation to an on-line blood component

collection process, those skilled in the art will

appreciate that the source of blood may be provided to the
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blood component collection device from an appropriate blood

container (not shown) interconnected with the blood

component collection device 18 versus receiving such

directly from the donor. Moreover, the blood of course may

be provided from alternative sources such as animals.

Furthermore, as illustrated in Fig. 3 the described

platelet harvesting procedure may be performed utilizing a

single needle configuration. In addition, the present

invention is applicable to the collection of other types of

blood components such as red blood cells, white blood

cells, and/or plasma, and is further applicable to the

simultaneous collection of more than one blood component

type. In the case of red blood cell collection and

optimization in accordance with principles of the present

invention, the donor's blood type should be known and used

in various algorithms. Moreover, the present invention is

not limited to the source being whole blood. That is, the

principles of the present invention may be applicable to

removal of a component from any liquid.

The foregoing description of the present invention has

been presented for purposes of illustration and

description. Furthermore, the description is not intended

to limit the invention to the form disclosed herein.

Consequently, variations and modifications commensurate

with the above teachings, and skill and knowledge of the

relevant art, are within the scope of the present

invention. The embodiments described hereinabove are

further intended to explain best modes known of practicing
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the invention and to enable others skilled in the art to

utilize the invention, and such other embodiments, and with

various modifications required by the particular

applications or uses of the present invention. It is

intended that the appended claims be construed to include

alternative embodiments to the extent permitted by the

prior art.
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1. A method for collecting at least one

predetermined type of blood component from a source of
whole blood using a blood component collection system

comprising a blood component collection device and
collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method
comprising the steps of:

10 providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first
deriving step comprising deriving a magnitude for at least
one of said parameters from said providing and identifying
steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said
20 associating step;

performing said collection procedure on said blood
component collection device using said inputting step to
collect said desired yield of said at least one

predetermined blood component from said source of whole
blood

;

one of said parameters being an inlet flow to said

blood collection device and another of said parameters

being a flow of anticoagulant into said blood component

collection system, said inlet flow comprising a flow f

30 whole blood from said source and said flow of

anticoagulant, said source of said blood having a volume,
at least part or said flow or anticoagulant being provided
to said source, an AC ratio being a ratio of said inlet
flow to said flow of anticoagulant, an AC infusion rate
being said at least part of said flow of anticoagulant per
said volume;

said performing a first deriving step further
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comprising deriving said magnitude of said inlet flow

associated with a predetermined magnitude of said AC

infusion rate;

said deriving said magnitude of said inlet flow step

comprising using said predetermined magnitude of said AC

infusion rate and a current magnitude for a total procedure

time, said total procedure time being another of said

parameters

.

10 2. A method, as claimed in claim 1, wherein:

said source is a human donor and said biological data

comprises said donor's hematocrit, height, weight, and sex.

3. A method as claimed in claim 1 or 2, wherein

said deriving said magnitude of said inlet flow step

further comprises:

assuming a current magnitude for said inlet flow and

performing a first iteration procedure comprising

calculating a current magnitude for said AC infusion rate

20 from at least said current magnitude of said inlet flow,

evaluating convergence criteria relating to said current

magnitude of eaid inlet flow, and adjusting said current

magnitude of said inlet flow and repeating said first

iteration procedure until said convergence criteria is

established.

4. A method, as claimed in claim 1 or 2,

wherein:

said deriving said magnitude of said inlet flow step

30 comprises deriving a current magnitude for said AC infusion

rate, said performing a first deriving step further

comprising iteratively calculating a current blood

component yield using at least said current magnitude of

said inlet flow and said current magnitude of said AC
infusion rate and by using said providing step and by

iteratively adjusting said magnitude of said current total
procedure time until achieving said desired yield of blood
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components

,

5. A method as claimed in claim 1 or 2,

wherein:

said deriving said magnitude of said inlet flow step

comprises deriving a current magnitude for said AC infusion

rate, said performing a first deriving step further

comprising performing a second iteration procedure after

said deriving said magnitude of said inlet flow step, said

10 second iteration procedure step comprising calculating a

current yield from said current magnitude of said inlet

flow, said current magnitude of said AC infusion rate, and

said current magnitude of said procedure time, comparing

said current yield with said desired yield, performing said
inputting step after said comparing step when said current

yield is within a predetermined amount of said desired

yield, adjusting said current magnitude of said total

procedure time when said current yield differs from desired

yield by more than said predetermined amount, repeating

20 said deriving a magnitude of said inlet flow step after

said adjusting said current magnitude of said total

procedure time step, and repeating said oeaond iteration

procedure step after said repeating said second iteration

procedure step until predetermined convergence criteria
relating to said current total procedure time is

established.

6. A method as claimed in claim 1 or 2, wherein

said performing a first deriving step further comprises
30 deriving a total procedure time after said deriving said

magnitude of said inlet flow step which provides a current

yield within a predetermined amount of said desired yield,

said total procedure time being another of said parameters.

7. A method as claimed in claim 5, wherein:

said performing a first deriving step further

comprises performing a third iteration procedure after said
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second iteration procedure step and when said convergence

criteria associated with said second iteration procedure is

established, said third iteration procedure step comprising

adjusting said magnitude of said AC ratio, repeating said

first and second iteration procedure steps, and repeating

said third iteration procedure step until predetermined

convergence criteria relating to said magnitude of said AC

ratio is established.

10 6. A method as claimed in claim 7, wherein:

said maximum AC infusion rate is increased by a

predetermined amount when said convergence criteria

associated with said third iteration procedure step is

established, wherein said performing a first deriving step

further comprises repeating said first, second, and third

iteration procedure steps using said increased AC infusion

rate.

9. A method for collecting at least one

20 predetermined type of blood component from a source of

whole blood using a blood component collection system

comprising a blood component collection . device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source-

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

30 said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

performing said collection procedure on said blood
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component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

one of said parameters being an inlet flow to said

blood collection device and another of said parameters

being a flow of anticoagulant into said blood component

collection system, said inlet flow comprising a flow of

whole blood from said source and said flow of

10 anticoagulant, said source of said blood having a volume,

at least part of said flow of anticoagulant being provided

to said source, an AC ratio being a ratio of said inlet

flow to said flow of anticoagulant, an AC infusion rate

being said at least part of said flow of anticoagulant per

said volume;

said associating step comprising selecting a maximum

magnitude for said AC infusion rate, said associating step

further comprising generating a calculated magnitude of

said inlet flow using at least said maximum magnitude of

20 said AC infusion rate.

10. A method as claimed in claim 9, wherein said

performing a first deriving step further comprises:

calculating a theoretical magnitude of said inlet flow

which provides a maximum yield of said at least one

predetermined blood component and comparing said

theoretical and calculated magnitudes of said inlet flow,

and wherein said inputting step comprises inputting the

lesser of said theoretical magnitude and said calculated

30 magnitude of said inlet flow.

11. A method as claimed in claim 10, wherein:

another of said parameters is a total procedure time,

wherein a current magnitude for said total procedure time

is assumed, and wherein said performing a first deriving

step further comprises performing a first iteration

procedure, said performing a first iteration procedure step
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3

comprising calculating a current blood component yield

using the lesser of said calculated and theoretical

magnitudes of said inlet flow of whole blood, said current

magnitude of said total procedure time, and said maximum AC
infusion rate, comparing said current blood component yield

with said desired blood component yield, and repeating said

first iteration procedure using an adjusting current total

procedure times until said current magnitude of said blood

component yield is within a predetermined amount of said

10 desired blood component yield.

12. A method as claimed in claim 10, wherein:

another of said parameters is a total procedure time

and said performing a first deriving step further comprises
assuming a current magnitude for said total procedure time

and performing a first iteration procedure, said performing

a first iteration procedure step comprising calculating a

current yield from the lesser of said actual and

theoretical magnitudes of said inlet flows, said maximum AC
20 ratio, and said maximum AC infusion rate, and said current

magnitude of said procedure time, comparing said current
yield with said doe irod yield, incrementally adjusting said

current magnitude of said total procedure time when said

current yield differs from desired yield by more than a

predetermined amount, and repeating said first iteration

procedure step until at least one of a first and second
condition is satisfied, said first condition being that

said current yield is within said first predetermined

amount of said desired yield and said second condition
30 being that said second iteration procedure step has been

performed a predetermined number of times.

13. A method for collecting at least one

predetermined type of blood component from a source of

whole blood using a blood component collection system
comprising a blood component collection device and

collection procedure, said collection procedure having a
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plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

10 steps

i

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

one of said parameters being an inlet flow to said

20 blood collection device and another of said parameters

being a flow of anticoagulant into said blood component

collection system, said inlet flow comprising a flow of

whole blood from said source and said flow of

anticoagulant, said source of said blood having a volume,

at least part of said flow of anticoagulant being provided

to said source, an AC ration being a ratio of Baid inlet

flow to said flow of anticoagulant, an AC infusion rate

being said at least part of said flow of anticoagulant per

said volume;

30 said at least one of said parameters being a total

procedure time, said performing a first deriving step

comprising maximizing said inlet flow and minimizing said

total procedure time.

14. A method for collecting at least one

predetermined type of blood component from a source of

whole blood using a blood component collection system
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comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

10 deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps

;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating seep;

performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

20 blood;

providing a magnitude for each of said parameters

before said identifying step;

performing said collection procedure on said blood

component collection device before said identifying step,

using said providing a magnitude step, and for a first time

period, wherein said associating step is performed after

expiration of said first time period.

15. A method for collecting at least one
30 predetermined type of blood component from a source of

whole blood using a blood component collection system
comprising a blood component collection device and

collection procedure, said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one
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predetermined blood component;

associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps ;

inputting said magnitude of each said parameter into

said blood component collection system after said

associating step;

10 performing said collection procedure on said blood

component collection device using said inputting step to

collect said desired yield of said at least one

predetermined blood component from said source of whole

blood;

one of said parameters being a total procedure time,

said performing a first deriving step comprising minimizing

said magnitude of eaid total procedure time based upon said

magnitude of at least one of said parameters other than

said total procedure time.

20

16. A method as claimed in claim 15, wherein:

one of said parameters is an inlet flow to said blood

collection device and another of said parameters is a flow

of anticoagulant into said blood component collection

system, wherein said inlet flow comprises a flow of whole

blood from said source and said flow of anticoagulant,

wherein said blood within from said source has a volume,

wherein at least part of said flow of anticoagulant is

provided to said source, wherein an AC ratio is a ratio of

30 said inlet flow to said flow of anticoagulant, wherein an

AC infusion rate is said at least part of said flow of

anticoagulant per said volume, and wherein said at least

one of said parameters associated with said minimizing

step comprises said magnitude of said AC infusion rate and

said magnitude of said inlet flow.

17. A method for collecting at least one
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predetermined type of blood component from a source of

whole blood using a blood component collection system

comprising a blood component collection device and

collection procedure , said collection procedure having a

plurality of parameters associated therewith, said method

comprising the steps of:

providing biological data relating to said source;

identifying a desired yield of said at least one

predetermined blood component;

10 associating a magnitude with each of said parameters,

said associating step comprising performing a first

deriving step comprising deriving a magnitude for at least

one of said parameters from said providing and identifying

steps ;

inputting said magnitude of each said parameter into

said blood component collection system after said

aseooiating step?

performing said collection procedure on said blood

component collection device using said inputting step to

20 collect said desired yield of said at least one

predetermined blood component from said source of whole

bluod;

said associating step comprising optimizing said

magnitude of at least one of said parameters.

18. A method for collecting a blood component

from a source of whole blood using a blood component

collection system comprising a blood component collection

device and collection procedure, wherein an inlet flow to

30 said blood component collection system comprises a flow of

whole blood from said source and a flow of anticoagulant,

said method comprising the steps of:

identifying a total procedure time for said collection

procedure;

deriving a first inlet flow to said collection system

which provides a maximum yield of said blood components

;

deriving a second inlet flow to said collection system
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using at least said identifying a total procedure time

step;

identifying a smallest magnitude of said first and

second inlet flows as an actual inlet flow to said blood

component collection system; and

performing said collection procedure with said blood

component collection device, using said actual inlet flow,

and for said total procedure time to collect said blood

components from said source of whole blood.

10

19. A method as claimed in claimed in claim IB,

wherein:

wherein said blood within said source has a volume,

wherein at least part of said flow of anticoagulant is

provided to said volume, wherein an AC ratio is a ratio of

said inlet flow to said flow of anticoagulant, wherein an

AC infusion rate is said at least part of said flow of

anticoagulant per said volume, and wherein said deriving a

second inlet flow step further uses a maximum AC ratio and

20 a maximum AC infusion rate.

20. A method for col looting a blood component

from a donor using a blood component collection system

comprising a blood component collection system comprising

a blood component collection device and a collection

procedure, said collection procedure comprising a plurality

of parameters, said method comprising the steps of:

providing biological data relating to said donor;

associating a magnitude with each said control

30 parameter based upon at least said providing step;

optimizing said magnitude of at least one of said

control parameters in relation to both donor constraints

and system constraints, said optimizing step allowing for

achieving at least one of first and second conditions, said

first condition being collecting a predetermined quantity

of said blood components in a minimum amount of time and

said second condition being collecting a maximum quantity
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of said blood components in a predetermined amount of time;

inputting said magnitudes of said parameters into said

blood component collection device after said optimizing

step; and

performing said collection procedure on said blood

component collection device using said parameters to

collect said blood components from said donor to achieve at

least one of said first and second conditions.

10 21. A blood component collection control and

information communication system used in conjunction with

a blood component collection device in a procedure

performed on a donor to separate, remove and collect

components from blood received from the donor, comprising:

an information communication medium;

a first station interactive with the communication

medium to transmit and receive information on the medium

describing biological data of the donor, describing process

parameters for controlling the collection device during the

20 procedure performed on the donor, describing physical and

medical characteristics of the donor observed during

performance of a prior procedure on the donor, and

describing the. yield of at least one component obtained

from the donor during performance of the procedure; the

first station including an information input device by

which to supply donor data, process parameters, prior

procedure characteristics and component yield information

to communication medium; the first station further

including a computer responsive to the donor data, prior

30 procedure characteristics and component yield information

received from the communication medium to determine at

least one process parameter to be used for controlling the

blood component collection device during performance of a

subsequent procedure on the donor; and the first station

also including a display by which to display the donor

data, process parameters, prior procedure characteristics

and component yield information;
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a second station interactive with the communication

medium to transmit and receive information on the medium

describing biological data of the donor, describing process

parameters for controlling the collection device during the

procedure performed on the donor, describing physical and

medical characteristics of the donor observed during

performance of a prior procedure on the donor, and

describing the yield of at least one component obtained

from the donor during performance of a procedure; the

10 second station including an information input device by

which to supply donor data, process parameters, prior

procedure characteristics and component yield information

to communication medium; the second station further

including a computer responsive to the donor data, prior

procedure characteristics and component yield information

received from the communication medium to determine at

least one process parameter to be used for controlling the

blood component collection device during performance of a

subsequent procedure on the donor; and the second station

20 also including a display by which to display the donor

data, process parameters, prior procedure characteristics

and component yield informotion ; and

an interface of at least one of the first or second

stations which connects to the blood component collection

device to the one station, the interface adaptable for

controlling the blood collection device to perform the

procedure in response to the process parameter information

transmitted to the one station by the communication medium;

the interface further supplying information to the medium

30 at the one station describing the yield of at least one

component obtained from the donor during performance of the

procedure performed.

22. A method of controlling a blood component

collection device in a procedure performed on a donor to

separate , remove and collect components from blood received

from the donor and for communicating information describing
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the procedure, comprising the steps of:

establishing first and second stations, each of which

includes a computer, an information input device and a

display;

connecting one of the first and second stations to the

blood component collection device;

communicating information between the first and second

stations which describes biological data of the donor,

process parameters for controlling the collection device

10 during the procedure performed on the donor, physical and

medical characteristics of the donor observed during

performance of a prior procedure on the donor, and the

yield of at least one component obtained from the donor

during performance of the procedure;

using the information input device at either the first

or the second station to create at least some of one of the

donor data information, the process parameter information,

the prior procedure characteristics information and the

component yield information;

20 deriving at least some of the process parameter

information by processing the donor data, prior procedure

characteristics and component yield information with the

computer at one of the first or second stations; and

controlling the operation of the blood component

collection device in response to the process parameter

information which was communicated, created by using the

information input device and derived from the computer.
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FIG. 8


